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Patent Claims 

r. Bone replacement material, characterized by a biologically compatible and absorbable polymer 
that contains a filler that stimulates the absorption of the polymer in favor of newly formed 
bone tissue. 



2. Bone replacement material according to Claim 1 , characterized by the fact that the polymer has 
a high molecular weight so that the value of Mp is 150,000 or more. 



3. Bone replacement material according to one of the claims 1 or 2, characterized by the fact that 
the value of Rip is above 200,000. 



4. 



7. 



8. 



Bone replacement material according to one of the preceding claims, characterized by the fact 
that the polymer is a polymer with a low polydispersity index that is for example below 2. 



5. Bone replacement material according to one of the preceding claims, characterized by the fact 
that the polymer is a homopolymer or copolymer of a-hydroxy acids. 



Bone replacement material according to claim 5, characterized by the fact that the polymer is a 
homopolymer of glycolide, L-lactide, and/or D-lactide or a copolymer that is formed through 
the copolymerization of at least two of these monomers, including the copolymer of DL-lacude. 



Bone replacement material according to one of the preceding claims, characterized by the fact 
that the filler includes a material or is made out of a material that exerts a local stimulatory 
effect on bone growth. 



Bone replacement material according to one of the preceding claims, characterized by the fact 
that the filler contains salts based on phosphate anions or similar anions and/or salts based on 
calcium cations or analogous cations or mixtures of these salts. 



Bone replacement material according to one of the preceding claims, characterized by the fact 
that the filler consists of calcium phosphate and in particular tricalcium phosphate. 
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10. Bone replacement material according to one of the preceding claims, characterized by the fact 
that the filler is present in an amount of 0.5 to 30%, based on the weight of the polymer. 

1 1 . Bone replacement material according to one of the preceding claims, characterized by the fact 
that the filler is present in an amount of 0.5 to 5%, based on the weight of the polymer. 

12. Bone replacement material according to one of the preceding claims, characterized by the fact 
that the filler has been added to the polymer in the form of a powder, the particles of which 
have a diameter of 1 to 20 fim. 

13. Bone replacement material according to one of the preceding claims, characterized by the fact 
that it is in the form of a solid block, a granulate or a powder. 

14. Use of the bone replacement material according to one of the preceding claims for the 
production of bone prostheses which are entirely or partly made of this material. 

15. Use according to claim 14, characterized by the fact that the bone replacement material is used 
for the production of bone prosthetic parts such as solid parts, compound parts, parts made of 
inert material that are coated with the bone replacement material or parts made of an inert 
.porous material that is impregnated with the bone replacement material. 

1 6. Use according to claim 15, characterized by the fact that the bone replacement material is used 
for the production of solid parts that are produced by casting or by the machining of blocks. 

17. Use according to claim 14, characterized by the fact that the bone material according to one of 
the claims 1 to 13 is used in the form of a granulate to replace losses of bone substance by 
filling with the material. 

18. Bone prosthetic parts characterized by the fact that they consist entirely or partly of a material 
according to one of the claims 1 to 13. 

19. Bone prosthetic parts according to claim 18, characterized by the fact that they include solid 
parts, compound parts, parts made of an inert material that is coated with the bone replacement 
material, or parts made of a porous material that is impregnated with the bone replacement 
material. 
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polydispersity is low and is for example below 2. 



6 



Polymers that are suitable according to the invention can be homopolymers or copolymers. 

Outstanding among the polymers that are suitable according to the invention are the polymers and 
copolymers of cc-hydroxy acids and in particular the homopolymers and copolymers of glycolide and of 
L-, D-, and DL-lactides, because of their excellent biological compatibility and in particular their 
capacity to be degraded by the tissue. Based on their chemical structure and their properties, these 
polymers can serve as support material, can be degraded to non-toxic products that are excreted or 
made use of by the metabolism, and can over time be replaced by the living organism's own tissue that 
surrounds these polymers. 

Among the polymers that are suitable according to the invention the homopolymers of glycolide, 
teiactfdim^figBEtra&stand out in particular. Particularly suitable copolymers are the products^ of the 
copolymerization of at least two of these monomers, in particular the L-lactide/glycolide copolymers, 
IW3cTO|lycolide copolymers, DL-lactide/glycolide copolymers and L-lactide/D-Iactide/glycolide ' 
copolymers (including the DL-lactide copolymers). 

The filler added for the formation of the invention bone replacement material is an inorganic and/or 
organic filler. The filler can consist of products that contain the following ions or some of them: 
lithium, borate, carbonate, fluoride, sodium, magnesium, silicate, potassium ions and their mixtures. 
In particular, salts based on phosphate ions or similar anions and/or salts based on calcium cations or 
other analogous cations or mixtures of these salts can be used. Preferred as filler are the calcium 
phosphates and in particular t ~ 



The filler can contain any material that exerts a locally stimulatory effect on bone growth, or can 
consist of such a material. 

-Very generally, the filler is present in an amount that is sufficient to fulfill the above-mentioned 
functions. In general, the filler is present in an<SSmrmSSmmm, based on the weight of polymer. 
However, for a number of application purposes, and in particular when prosthetic parts are to be 
produced that have a relatively high mechanical strength, for example parts for the osteosynthesis of the 
Jong bones, materials are preferably used that contain the filler in an amount of 0.5 to 5%, based on the 
weight of the polymer. 

Preferably, the filler is added in the form of a powder whose particles have a particle size of in 
particular 1 to 20/tm. 

The filler contained in the invention bone replacement material has the following effects: 

The presence of the filler leads to the polymer mass having in it microscopic irregularities that facilitate 
me attack on certain sites of the material and thereby modify the absorbability of the material. A 
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using any other method that results in a homogeneous mixing of the additive or filler with the 



As wd be .llustrated in more detail below, the invention bone replacement material is used for the 
products of prostheses or prosthetic parts by casting or mechanical processing or machin jg o^Ilso in 

soil if Z * 8 r, te - J*? invention *" fac,udes Ae bone repiacement ma « riai rr ro ™o 

total blocks and also m the form of granulates or powders (molding powders). 

Inmolding powders, the particle size of the polymer particles is 1 to 100 ,m and preferably 10 to 50 

o?L S n? eCt °1 t emi0n ^ a,S ° *" USC ° f * e defined 50,16 re P lacement m ^"al for the production 
of bone prostheses that are produced completely or partly from this material. 
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polyglycolic acid and their copolymers. 

b) Coating of prostheses or prosthetic parts with an inert material. 

For example, the femur end of a hip prosthesis can be coated with such a material which m »v 

0 Impregnation of a porous inert material with the bone replacement material. 
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invention bone replacement material, parts that are coated with the invention bone replacement material 
or impregnated with it, as well as compound parts in which the mechanical properties of the invention 
bone replacement material are improved by biologically compatible support elements, for example 
polyethyleneterephthalate (Dacron) fibers. 

It is moreover to be noted that the invention osteosynthetic plates make possible the electrical 
stimulation of bone formation as a supplementary treatment measure, without the electric signal being 
distorted. 

The following examples serve for the further illustration of the invention. 
Example 1 

A polymerization tube is charged with 100 g L-lactide of high purity (recrystallized four times from 
methyl ethyl ketone), then a well-dried polymerization catalyst (250 mg zinc powder) is added. The 
mixture is degassed by repeated cooling and heating and treatment with nitrogen and evacuating, after 
which the polymerization tube is sealed under vacuum. The polymerization tube is put in a heated 
container and left there for 90 hours at 140°C. The polymer obtained is washed with dioxane over 
several hours. 90 g high-viscosity polymer is obtained that has all the properties of a high molecular 
weight poly-L-lactide (m.p. 174°C, the material is crystalline by x-ray diffraction, frjj^ = 1.74 
Young's modulus E 360 kg/mm 2 ). 

Example 2 

20 g of a copolymer containing 75% L-lactic acid units and 25% D-Iactic acid units, in the form of a 
fine powder (with a particle size of 10 to 50 /mi), is blended in the cold with 1 g powdered, dried 
calcium phosphate, until a homogeneous powder is obtained from the two components. 

This powder is put into a compression mold and molded, at a temperature of 100 to 120°C using a 
pressure of 200 bar, to give a plate with the dimensions 90 x 15 x 4 mm., proceeding so that the 
formation of air inclusions is prevented. 

Example 3 

20 g glycolide is treated in a manner analogous to that in Example 1, but before the degassing of the 
mixture of monomer and catalyst 0.6 g calcium phosphate is added. The polymerization is effectuated 
under the conditions described in Example 1. It is however necessary to lengthen the reaction time to 8 
to 10 days. 

A macroscopically completely homogeneous material is obtained which can then be shaped in 
appropriate ways into prosthetic parts. 
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Example 4 

t ™ mer T^t* m EXample 1 iS gr ° Und 10 a fme P ° Wder (with a I*** di ^ter of 10 

If froTn* ^ r I' ,S ^ ^ 0 2 8 triCa,cium ph0S P hate < whh a I*** diameter 

of 1 to 20 /im). A powder is obtained that can be used as a molding powder. This powder can be 

converted by heating into a syrupy mass that by extrusion and cutting up of the skein obtained affords a 

granulate with granules of dimensions 0.5 to 1 mm. 

Example 5 

On to the femur end of a hip prosthesis made of an anodically treated titanium/aluminum/vanadium 
alloy ,s applied a 0.5 to 1 mm thick layer of the polymer from Example 1. containing 1% calcium 
phosphate the polymer being used in the molten state for this. The prosthedc part coated in this way is 
then pressed firmly into the medullary space of the femoral bone. 

a A ndS« US,y ' ^ ° f SCreWS USCd ^ 0Stt0Syn,hesis are coated wi * Attire of polymer 

Example 6 

The convene region of a porous ceramic joint socket (a joint prosthesis) made of sintered hydroxyapatite 

ItToT TnT 3 P ° lymer *" lS idCn,iCaI t0 *" pre P ared ^rding to Example 3 but 
that contains as the filler not only calcium phosphate but also sodium fluoride. The impregnation 

mixture is applied in the molten state. 

Parts of joint prostheses (for knee joints or shoulder joints) that are to be inserted into the joint sockets 
are analogously impregnated to anchor the prostheses. 

Example 7 

Plates and screws made of the polymer as in Example 1, containing 10% calcium phosphate, for 
osteosynthesis are implanted (without osteotomy) into sheep for 3 months. After the elapse of the 
stated period of time, the microscopic examination of histological secuons shows that no significant 
presence of a capsular material (capsula fibrosa) is to be detected on the interfaces. There is thus a 
direct contact between the newly formed bone and the polymer. It is to be noted that the plates and 
wews used for the osteosynthesis were subjected to physiological stresses since the animals, living in 
treedom, moved about. 6 
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